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(57) Abstract: A system for detecting abnomialities or inconsistencies and a method to utilize the same are provided. In particular, 
a computer system may be adapted to detect the abnormality or inconsistency within at least a portion of a subject by generating 
internal impedance data which indicates that an impedance change within the portion of the subject has occurred. For example, 
the impedance change may be associated with a change in at least one characteristic of a blood vessel within the subject (such as a 
change in a fluid flow rate within at least a portion of the subject), a change in a fluid volume within at least a portion of the subject, 
etc. The impedance change also may be associated with the presence of a foreign object within the portion of the subject In an 
exemplary embodiment, it is possible to detect the abnormality or inconsistency within the subject by generating a continuous, real 
time internal impedance map indicating the impedance change within the subject. Alternatively, the abnormality or inconsistency 
may be detected within the subject by generating a plurality of static internal impedance maps which indicate that the impedance 
change within the subject has occurred. 
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ARJEIANGEMENT AND METHOD FOR 
DETECTING ABNORMALITIBS AND INCONSISTENCIES IN A BODY 

CROSS-REFERENCE TO RELATED APPLICATION 

5 The present application claims priority from U.S. Provisional Patent 

Application No. 60/419,256, which is entitled "Arrangement and Metiiod for 
Detecting Abnormalities and Inconsistencies in a Body," and was filed on October 17, 
2002, the disclosure of which is incorporated herein by reference in its ^tirety. 

10 FIELD OF THE INVENTION 

The present invention relates generally to an arrangement and method 
for detecting abnormalities and inconsistencies within a subject. In particular, the 
present invention is directed to an arrangement and method in which a computer 
system detects an abnormaUty or inconsistency within the subject by generating 
15 intemal impedance data over a predetermined range of frequencies to indicate an 
impedance change within the subject. 

BACKGROUND OF THE INVENTION 

Conventional electroencephalography (EEG) systems have been 
20 employed to record brain waves in a patient by measuring intrinsic voltages or 
currents produced by the brain of the patient. Specifically, conventional EEG systems 
detect and ampUfy brain waves, and convert the brain waves into digital data to be 
compared with data associated with normal brain waves. These systems may be 
employed to detect possible spinal cord injuries, stroke, epilepsy and a variety of 
25 brain dysfunctions related to a psychology of a patient ranging from substance abuse 
to psychosis. For example, certain conventional EEG systems include a plurality of 
electrodes which can be positioned on the scalp of a patient. The electrodes are 
coupled to a switching system, which in turn is coupled to a preamplifier that is 
connected to an amplifier. The amplifier is connected to a sixteen (16) bit analog to 
30 digital (A/D) converter, and the A/D converter is connected to a display. The A/D 
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converter samples the EEG waves, and converts the EEG waves into the digital data 
to be shown on the display. However, such conventional system only may be adapted 
to obtain EEG recordings. 

Conventional electrical impedance tomography (BIT) systems have 

5 been employed to produce electrical impedance images in medical appUcations. 
These EIT systems measure current or voltage distributions resulting from the 
currents being applied to a portion of the body of the patient, and generate an image 
of such portion of the body based on the measured cmxent or voltage distributions. 
These conventional systems have been employed, e>g., to display changes in tiie 

10 thorax during breathing, the stomach during a gastric emptying, the heart during 
intraventricular hemorrhage, and the brain due to a physiological cerebral activity, 
and to monitor the progression of various lung diseases. For example, the 
conventional EIT system can be adapted to image changes in the brain due to a 
physiological cerebral activity may include a current generator coupled to a switching 

15 arrangement, such as a computer controlled multiplexor. A plurality of electrodes are 
positioned in contact with the patient*s scalp, and are coupled to the switching 
arrangement. An amplifier is coupled to the electrodes, a sixteen (16) bit A/D 
converter is connected to the amplifier, and a computer is connected to the A/D 
converter. 

20 In operation, the cxirrent generator appUes current to the electrodes. 

For example, the current may be applied sequentially to the electrode pairs, or 
simultaneously to multiple pairs of electrodes, which is known as a parallel data 
collection. Moreover, potential differences between the electrode pairs may be 
measured to obtain analog signals, and these analog signals may be amplified by the 

25 amplifier. Subsequently, the A/D converter converts the analog signals to digital 
signals, and forwards the digital signals to the computer. In this manner, the data may 
be processed by the reconstruction software to obtain image changes in the brain due 
to a physiological cerebral activity, and provide these images on a display. However, 
such conventional system may be adapted to only obtain EFT recordings that are e.g., 

30 associated with the ph3^iological cerebral activity, and may also be ad^ted to only 
monitor only certain organs. Moreover, such convention system only may obtain EIT 
recordings at a particular firequency. 
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pTTTUT^AT?V OF THE INVEN TION 
Therefore, a need has arisen to provide an arrangement and method for 
detecting abnormalities and inconsistencies which overcome the above-described and 
other shorteommgs of the related art. 

One of the advantages of the present invention is that to arrangement 
and method a«> provided which may detect the abnormaUty or inconsistency mlhin a 
subject by g«ierating tatemal impedance data that indicates the occurrence and/or 
particmars of m impedance change within to associate subject has for at least one 
d^ractetistic of a blood v«sel within the subject. For example, the impedance 
charge associated wiflr the charge in the characteristic of the blood vessel may he a 
d«nge of a fluid flow rat. within at least a portion of the subject, a change of a flmd 
votame within at least a portion of the subject, «c. Another advantage of the system 
and meaK>d of the present irrv^on is that the abnormaUty or inconsistency wtthtn a 
subject may be detected by generating internal hnpedanc. data that indicates an 
impedance change withm the subject associated that is with the presence of a for^gn 
object within at least a portion of the subject. Yet another advantage of the system 
and method of the pn=sent invention is that a»y aUcw simultaneona spectral electncal 
impedance tomography (SEIT) recordings and electroencephalography recordmgs 
,0 and/or simultaneous spectral electrical impedance tomography rec.^ and cun^ 

density recordings to be obtained ftom the subject Still another «h».age of the 
present invention is that the system may be a portible system, so that it may be used 
by firs, responders to accidents. ^ Emergency Medical Service (EMS) persomrel, m 
order to assist tite responders in obtaining data which is usefli m maldng decisrons 
25 concerning abnormalities or inconsistencies, such as injuries to the brain or torso 
involving foreign objects and/or mtemal bleeding. 

According to an exemplary embodiment of die present invention, an 
arrangement and method utilize a computer system which may be ad^ted to detect 
.buor^es and mconsis,«Kies witiun a subject, e^ a human or an ammal. by 
™^ internal impedance data which mdicates the occurrence and/or tire 
particulars otanimpedance change witinn at leastaportionfe^abrainoratorsOof 
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tt^esubi^thasoccuted. For »a»*l..toin,ea.nc. change »ayb.assoc«tedw.tt, 

l^L a flmd feg. blood, flow rate ™«a « l«st a portion of d.c »b,«.) a 
change m a muo -to Hie impedance 

change in a fluid volume wito at least a portion of ti.e anbject. ^. P 
change may also be associated «i.h the presence of a fi.re.gn object te^ a metd 
Within at least a portion of the sul^ect Moreover, the ^ 
^ce'daimay be Obtained overapredetermhredran^ofl^n^^^^ 

sbon. 0.01 HZ and about 100 KHz. As «tamples ti« Co e^^ or 4Col. 
models may l« used to determine tissue's impedence at a grven frequency. M 
^r^4 ^^odimen. of the present invention, tire computer system may 
i::::nheabnormaa.yorh,conslstencywl«ntires^ectbygen«^a 

.^^^ imped.ce map which indicat. 
^ particulars of fl» impedance change wito tire portion of ti» s^e^ 
MteHvely. tire computer system may he adapted to detect tire abnormah^^ 
,5 ^Z^n^witinnthesuhjectbygeneratingaphnahtyofstaticintemalnnpe^ 
" :::^^mayindica.eti>eoccurrenceand/orflrepartieularsofthem,ped^ 

"^'-^t^Z^ cemplary emhodhnen. of tire present .vention. it . 

■» ,„ utilize an electrical stimulator, a switch coupled to tire elecmcal 
,^bl to ■'-^J^'^^^,^^^,^,a on at leastaporttonoftire subject 

" r";;:dt:^^^rLana,ogJagital(A;D)convertercanalsobeprovid«l 
coupled to the switch and to each of ti» el^d^ Mo^.. - 
computer system may he conpled «, the switch and to tir. -v«.e. ^ ^ 

noise, depend^g » whetirer SB. rtilnit tire 

''^ ^"^i".o'rl"C: so tirat tire c<»np,« system 
rg:er:e"Xedance La has. on the voltage or current 



25 



30 

distributioixs. 
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As examples, the computer system may iise the Barber-Brown linear 
backprojection method, the Calderon approach, the moment method, the one-step 
Newton method, the least squares method, or constrain minimixation methods in 
combination wifli an approximation model of the at least one portion of the subject 
5 (e.g. the head of the subject) to generate the internal impedance maps. Specifically, a 
map of the current flow through the head may be generated using the Barber-Brown 
backprojection method. Moreover, the computer system may include a database of 
approximated head models, and each approximation head model may be based on 
predetemiined characteristics associated with an imaginary subject, such as a 

10 predetermined height, age, sex, etc., of the imaginary subject. Each approximation 
head model may indicate an expected current flow through the head of a subject 
who's characteristics are the same as or are similar to the predetermined 
characteristics. The computer system may select an appropriate approximated head 
model for the subject based on the characteristics of the subject, and the computer 

15 system then may alter the current flow map obtained using the Barber-Brown linear 
backprojection method based on the selected approximation head model to obtain the 
intemal impedance maps. 

According to still yet another exemplary embodiment of the present 
invention the A/D converter is, e^ a twenty-four (24) bit, thirty-two (32) channel 

20 A/D converter, adapted to obtain simultaneous spectral electrical impedance 
tomography recordings and electroencephalography recordings from the subject. In a 
variation of this embodiment, the electrical stimulator and the computer system can be 
positioned extemally firom a magnetic resolution environment, such that the twenty- 
four (24) bit, thirty-two (32) channel A/D converter may be adapted to obtain 

25 simultaneoxis spectral electrical impedance tomography recordings and current density 
recordings from the subject. 

BRIEF DESCRIPTION OF THE DRAWINGS 



For a more complete understanding of the present invention, the needs 
30 satisfied thereby, and the objects, features, and advantages thereof, reference now is 
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made to the following descriptions taken in connection with the accompanying 
drawings. 

Fig. 1 is a schematic diagram of a first exemplary embodiment of an 
arrangement according to a first embodiment of the present invention for detecting 
5 abnormalities and inconsistencies in a subject. 

Fig, 2 is a schematic diagram of a second exemplary embodiment of 
the arrangement of the present invention. 

Fig. 3 a is a flow diagram of a first exemplary embodiment of a method 
according to the present invention for detecting abnormalities and inconsistencies 
10 within the s\jbject. 

Fig. 3b is a flow diagram depicting a variation of the method of Fig. 

3a 

Fig. 4a is a flow diagram of a second exemplary embodiment of the 
method accordiag to the present invention. 
15 Fig. 4b is a flow diagram depicting a first variation of the method of 

Fig. 4a. 

Fig. 4c is a flow diagram depicting a second variation of the method of 

Fig. 4a. 

20 DETAILED DESCRIPTION 

Exemplary embodiments of the present invention and their advantages 
may be understood by referring to Figs. l-4b, like numerals being used for like 
corresponding parts in the various drawings. 

Referring to Fig. 1, a first exemplary embodiment of an arrangement 
25 100 according to the present invention for detecting abnormalities and inconsistencies 
in a subject is provided. The arrangement 100 may include a computer system 110 
which can be adapted to detect an abnormality or inconsistency within at least a 
portion of a subject 116. Specifically, the computer system 110 may detect the 
abnormality or biological inconsistency by generating intemal impedance data. For 
30 example, the computer system 110 may generate the intemal impedance data over a 
predetermined range of firequencies, such as between about 0.01 Hz and about 
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lOOKHz. This tatenal indicate to o»»tr«.c. and/or th. p.«ioute of an 
topedanoc change wito the s«bj«. 116 (asaocia«d «th a change in at leas, one 

charac^risttc of a blood vessel ^Mn to subjeC). Altemattvely. to n..er^ 
i^edancedatan>aybeassooia«dwiS>a,tes««.ofa&reignobj«.™dnna.l«s.a 

5 portion of to subjec. 116. M an exen^lary ..nbodhne^ of to present inven^on, to 
tapedance change associated wi«. to ch».ge in to ^ least on. charaCer^trc o^ to 
hll vessel may be a variance in a fluid flow rate feg„ a blood flow rate) wrthrn a. 

leas, a portion of to subject 116, Alternatively, to hnpedance ch«.ge can be a 
d^ngeinafluid volume te^ab.oodvolnme)wi.hh...leas.aportionoftosul,eot 

In anottter exemplary embodiment of to present invasion, to subjec 
„6 may be a human being, an animal, etc., and to arrangement 100 n.y be adapted 
«, detect to ^normaUty within a brain, a torso, etc. of to subject 16. Mcreov«^ 
^ ^normalities or biological inconsUtencies may include an injury an u,^ 
^ ^ internal bleeding), to presence of a foreign object wtto. to 
15 1,6. or any cto, internal or extern^ abnormaUty or biologicai mcons^cy resulti,^ 
inachangemimpedancewi.hintos^j^.116. m titese exemplary embodunen^^ 
ti.epreselinven.ion.tohnp.danceofbloodisgeneraUysmaUertontomrp^^^ 

of . brain tissue (L^ to con*rCivi.y of to blood is greater ton to —vrry o^ 
thebraintissuexand is also less tontoimpedanceofatissueintoto.0 and o^^ 
20 parts ofto subject 116. When to blood volume or to blood flow m to branr, to 
oto, or any L part of to subject 116 increases as when a blood v.sel s 
heheved to be likely punctured or expanded), to impedance of a. least a portion o 
^ subjec, 116 deceases. For ex^nple. when to blood vessel ,s punctur^ to 
hlood flows ftomtopunctinedblood vessel, andtoimpedanceoftotissueadiac^ 

.5 .topuncmredbioodvesselmayd^rease. Similarly, when to blood vohmre or to 
blood flow in to brain, to torso, or any other par. of to subject 116 decr«ses 
a. When a blood vessel is constdcted), to impedance of a. 1««. a portion of to 
^ject 116 may increase. Moreover, to impedance of a fcreiBa 

Object, such as a buliet, shrapnel, etc.) may be smaUer ton to nnpe^^f 
30 to iL Le, and can also be smaUer ton to impedance of to tissue m to .0^ 

!r otor par.s of to subjec. 116. As such, when a S»ign object « present m to 
,«in,.ol,oranyotorpartoftosubjectn6,toimpedanceofa.,eastapor«onof 
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.p<^«.of fl.e subject 116. ^^^^^^^^ ^^^,.ro^^^ 
«>h »s a current taction generator or voltag . ^ ^fl) converter 108 

. . im rViaimel analog matnx switdi), ano an a/u 
104 atlnrty-two (32) channel, an g ^ ^^^^ 

10 a tbirty-two (32) channel, twenty-fon^ (2^b. ^ 

102 maybe coupled to to ,naB« awttch 104. and* 

«. (he electrodes 106 and the computer system 110. Moteov 
™y be coaled to to electtode ^ ^ 

electrodes 106 may b. coupled ,^ electrical 

^pu.,r.ystemll0.andtoco.nputersystemm,^ b^-^ to to . 

15 stunulator 102. for ^'^'^ convert.. 108 canbe 

_ec«d to to J^leachcomponentotto 
configuration, to computer systrai 1 10 may oe 

-^"^Z op^ation. to electrical .«muiator 102 can apply a current or a 
20 ^ ^ , , „ ™mltaneously apply a current or a voltage to 

voltage to at least one pan: (Si., may ^ continaously 

eight (S) pairs) of to electrodes 106. »^ to — ^ 

— - ra^TTtC-l noise or pin. noise. 

« Forexan^le. when to Specificanv. 

Object 112. to ^''^ <^;'^^ „ ^ .Mch SETT sisals are 
c( white notse may not v*p - 

""""■"^^rrtorllionofSBrrsignais. How.ver.«hen to A. 
Misemaynotmterferemthm . ™g recordings and SBT recordings fi»m 

r!.X"-»>toverlap«i.hto^«---*-°^-- 
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are detected (e.g.. between about 0.01 * „ ptak 

.„Ue »av no. not ..«fe« ^t. — ^ 

J .o. on tbe SB. ^ ^ 

, .„f,heabove^escribedexen,laryen*odtaa^ofth.,«s«>t 
to »y to cnt^t 0. the voltage «> tbo at 

invention. a«e. e''--' ^ ^^-^^ 1„S .ea^ the voltage 

least on. pail of the eleetrode. ^ ounent or voltage is not 

rerrir:arreonv^>;o-::«— 

15 converts the analog voltages mxo 

to tiie computer system 110. no receives the digital data ftom the AA5 

""J^: ::i:el iTte^a, ..pedance data 
.nve^e, ICS. ^ ^J^p^lrs of the impedance ehangewitbin 

^eh indicates d^occuttenceand/or^PJ^ ^ ^ ^ 

eharactensuc of a blood vessel m _ ^^^^ ^ 

objeet^tbinatleastapotttonoftl^^bje^m ^^^^ ^ 

impedance change withm liie subject indicating the impedance 

---'-r::r:r:rrpr:;::n;..beadaptca 

cbange within dte snbjec. 1 16. ■» ^ of the at least 

, eo^pen^te fot i^peda-^e -^^^^ ^ 

one electrode 106 to the subject 116 (e.g.. vm 

.^ed me a. least one electrode to the subject "^^^ ^ 

^ 116 ^cb the at leas. -•^'T^t^Lres.^ng-- 
computer system UO m^y compensate for the mipea 
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linear approxnnation methods readi^ wxl 

(.vfTnT)larv embodiment of the presem mv^^ix 
Ihe art m another exemplary em .^^^^ 

system no may generate the internal mxpedance maps by 

.^<^p^»of^^^U6^^-. ^^^^^^^^ 

sides of tte bead and may oW the head, a ,„„ ,„a a map of the current 

.^.esmayhe— . — 

fl^ through the head may be generat^H^ov. ^^^^ ^ 

, aerate an ae^J^PJ^-^ ^ 

" Lf may no.be sufficient to generate » a^urate map of 

backprojecnon«ea«xiby.Belf.^y ^^^^ 

^ curr^t flow through the h»d ^^J^^^ h, combination wi* .be 

25 above-descnbed current drta omai .^^afically. the computer system 

method to generate «>e internal i^"'^"^- ^ ^ approxhnation 

• 1 , flatabase of approximated head models, ana eaw vv 
nomaymcludeaa^^e J^^^ ..^.a with an 

^J^f sex. e... of ^ ima^ 

iniaginary subject, such as a predet .„^_ay indicate an expected currort 

,0 anbiectMoreo.er,eachapproxim.on^^^^ 

^ the bead of a -"^-^ jT^e computer system UO may select an 

stanlar «, to predeterminol cbaractensncs. The compute 
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appropriate approximated head model for the subject 1 16 based on the charactenstics 
of the subject 116. and the computer system 110 then may alter the current flow map 
obtained using the Barber-Bro^vn linear backprojection method based on the selected 
approximation head model to obtain the internal impedance maps. 

M another variation of the present invention, the arrangement 100 may 
be a portable abnormality detection arrangement As such, the arrangement 100 may 
be used by first responders to accidents (e^ EMS persomiel) in order to assist the 
responder in obtaining data that is useM in making decisions concermng 
abnormaUties or biological inconsistencies, such as injuries to tiie bram or torso 
involving foreign obj ects and/or internal bleeding. Further, in yet another variation of 
the arrangement 100. the AID convertef 108 canbe a thirty-two (32) channel, twenty- 
four (24) bit A/D converter, and thus the bandwidth of the arrangement 100 may be 
suffici^xt to aUow the computer system 110 to obtain simultaneous SEIT and EEG 
recordings. These simultaneous SEIT and EEG recordings allow the computer system 
110 to gather iuformation related to different types of medical problems, 
simultaneously. For example, the SEIT recordings may be used to detect thepresence 

of the foreign object in the subject 116. and can detect an increase in the blood to the 
brain, torso, or any oti^er body part due to trauma. In contrast, the EEG recordings 
xnay be used to detect strokes, epilepsy, spinal cord injuries, substance abuse, and any 
0 otherinjuryoroccurrencewhichcanaffectthebraintoemitthecorrespondingwaves^ 

Fig 2 shows a second exemplary embodiment of the arrangement 200 
for detecting the abnormaUties or biological inconsistencies for use within a magnetic 
resonance imaging (MRI) environment 114 according to the present invention. The 
features and advantages of the second embodiment of the arrangement 200 of the 
> 5 present invention are substantially similar to the features and advantages of the second 
embodimentofthepresentinvention,exceptasprovidedhereinbelow. Inthesecond 

exemplary embodiment of the arrangement 200 of the present invention, the electncal 
stimulator 102 and the computer system 110 may be positioned externally from the 
MRI enviromnent 114, and the arrangement 200 may further include at least one filter 
30 1 12 (e^ at least one radio frequency filter) communicatively connected between the 
electrical stimulator 102 and the matrix switch 104. Moreover, the filter 112 may be 
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adapted to fiter the cm^ appU«i by the electrical stimulator 102 before the current 
istransrmttedmtotheMBIettviroiraientlM. 

In m exemplary Hnbodiment of the presHit invention, the A/D 
converter 108 may be ad.pt«l to obtain simultaneous SETT recordings and current 
i density recordings torn the subject 116. Sp«nfically, imaging techniques such as a 
current density imaging ("CDI") t«toi,ue can be utilized to generate dectrrcal 
current density distributions in a volume of the subject 116 being «tammed using the 
MBI techniques. For example, when the electrical stimulator 102 the 
electrical current to the subject 116. the computer syst«n UO may recrive MEI d«a 
0 and SEir data ftom the A/D converter 108. Using known malhematieal t«*mques. 
«>e computer system UO can process .he MRI data so as to convert fl« MRI data mto 
current density distribution data, which may be used to detemune a current flow or a 
^ pattr within tire subject 116. After the current flow witinn the subject 116 rs 
a.,«nuned. the location of particular portions of ti.e subject 116 m which an 
15 impedance change or impedance spike occurs may be determined more precrsely 
O^uenay. an internal impedance map, generated by the computer system UO 
based on the SETT data and the current density distribution data, may have a greater 
spatial resolution ttm an internal hnpedance map which is generated based on Ihe 

SEITdata. 

20 Referring to Fig. 3a, a flow diagram of a first exemplary embodmient 

ofamethod 300 which can be used bythe arrangement 100 ofFig. 1 is depicted. In 

step 310. a plnraHty of electrodes 106 may be positioned on at least a portion of tiie 
subjectll6. Instep 320.acnrrentcanbeappHed to at least one pair ofthe electrodes 

106 (or even to a single electrode). In step 330, voltage or current distributions 
resulting from the appUed current may be measured. Tl^en, in step 340, the internal 
in^pedance data is generated. A user of the arrangement 100 determines whether the 
internal impedance data indicates an impedance change within the subject 116 m step 
350 This impedance change is associated with a change in the blood vessel 
characteristic and/or a presence of the foreign object within at least a portion of the 
subject 1 16. Referring to Fig. 3b. in a variation of the first exemplary embodiment of 
the method 300 according to Ihe present invention, step 350 may be replaced by step 
350' In step 350'. the user of the arrangement 100 determines whether the mtemal 
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impedance data indicates the impedance change within subject 116 that is associated 
with a change in fluid flow rate (e.g.. a blood flow rate) and/or the change in flmd 
volume (e.g.. a blood volume) within the subject 116. Li either one of the variants of 
the method 300 illustrated in Figs. 3a and 3b, if the internal impedance data indicates 
5 such impedance change, in step 360, the user of tihe aixangement 100 detects an 
abnormality within the subject 116. If the internal impedance data does not indicate 
such an impedance change, in step 370, the user of the arrangement 100 detects ttie 
absence of an abnormality or biological inconsistency within the subject 116. 

Referring to Fig. 4a, a flow diagram of a second embodiment of a 

10 method 400 according to the present invention which is used by the arrangement 200 
of Fig. 2 is depicted. In step 410, the electrodes 106 may be positioned on at least a 
portion of the subject 1 16. In step 420, the current can be applied to at least a pair of 
the electrodes 106. Further, in step 430, the current may be filtered before the current 
is transmitted inside the MRI environment. In step 440, the voltage or current 

15 distributions resulting jfrom the applied current may be measured. Referring to Fig. 
4b which shows a first variation of the second exemplary embodiment of tiie method 
400 according to the present invention, this method is substantially the same as that of 
Fig. 4a, except steps 440a and 440b can also be provided. In step 440a, MRI data 
may be acquired, and in step 440b, the MRI data may be converted into voltage or 

20 current distribution data. Moreover, in step 450, the intemal impedance data is 
generated. For example, the intemal impedance data can be based on the voltage or 
current distributions. In step 460, the user of the arrangement 200 determines whether 
the intemal impedance data indicates the impedance change within the subject 116 
associated with a change in a blood vessel characteristic, and/or a presence of tihe 

25 foreign object within at least a portion of the subject 116. Referring to Fig. 4c, in a 
second variation of the second exemplary embodiment of the method 300 of the 
present invention, step 460 may be replaced by step 460'. In step 460', the user of the 
arrangement 200 determines whether the intemal impedance data indicates the 
impedance change within subject 116 associated with the change in fluid flow rate 

30 (e.g., the blood flow rate) and/or a change in fluid volume (e.g.. the blood volume) 
within the subject 116. In either of the flow diagrams of Figs. 4a and 4b, if the 
intemal impedance data indicates such impedance change, in step 470, the user of the 
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arrangement 200 detects an abnormality within the subject 116. If the internal 
impedance data does not indicate such impedance change, in step 480, the user of the 
arrangement 200 detects the absence of the abnormality or biological inconsistency 
within the subject 116. 

5 While the invention has been described in connection with preferred 

embodiments, it will be understood by those of ordinary skill in the art that other 
variations and modifications of the preferred embodiments described above may be 
made without departing from the scope of the invention. Other embodiments will be 
apparent to those of ordinary skill in the art from a consideration of the specification 

10 or practice of the invention disclosed herein. It is intended that the specification and 
the described examples are considered as exemplary only, with the true scope and 
spirit of the invention indicated by the following claims. 
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Y^QtTRriaimedls: 

1 , An arrangemrat, comprising: 

a con^ system adapted to drtect ». almormaBtjr or an 
inconsistency within a snhjeot by gene««ng inte^I in^ ^ »«-^ 
5 intpedance data indicating an impedance change vrithin at least one pottton ot the 
»biect.wh.reinthein>pedancechangeis.ssooiatedwifhatl.astoneof: 

a change in at least one chanu^eristic of a blood vessel mto 

the subject, and 

a presence of a foreiga object within the at least one portion of 
flie subject 

2. The arrangement of claim 1, further comprising: 

an electrical stimulator adapted to apply a current to at least one pair of 
electrodes that arepositionedinaproximity of the at least oneportionof the subject; 

an analog to digital (A/D) converter adapted to measure voltage 
distributionsresultingftom^e applied current, wbereinti^einternalimped^^ 

generated based on the voltage distributions. 

3 The arrangement of claim 1. whereinthe impedance change associated 
withmechangein^eatleastonecharacteristicofti.ebloodvesselisatleastoneof: 

a change in a fluid flow rate within tiie at least one portion of 
the subject, and 

a change in a fluid volume within tixe at least one portion of the 
subject 

4. The arraagement of claim 3, wherein the fluid includes blood. 
25 5. The arrangement of claim 3. wherein the at least one portion of the 

foreign object comprises a metal material. 

6 The arrangement of claim 1. whereinthe computer system generates a 
continuous^realtimeintemalimpedancemap to detect the abnormahty or 
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inconsistency within the subject by generating, and wherein the impedance map 
indicates the impedance change within the subject 

7. The arrangement of claim 1, wherein the computer system generates a 
plurality of static internal impedance maps to detect the abnormality or mconsistency 

5 within the subject, and wherein the impedance maps indicate the impedance change 
within the subject. 

8. The arrangement of claim 1, wherein the subject is a human being, and 
wherein the computer system is further adapted to detect the abnormality or the 
inconsistency within the human being by generating the internal impedance data over 

10 a predetermined range of frequencies. 

9. The arrangement of claim 1, wherein the at least one portion of the 
subject is a portion of a brain of the subject. 

10. The arrangement of claim 1, wherein the at least one portion of the 
subject is a portion of a torso of the subject. 

15 11. The arrangement of claim 2, wherein the electrical stimulator is a 

function generator. 

12. The arrangement of claim 2, wherein the A/D converter is a thirty-two 
channel, twenty-four bit A/D convCTter. 

13. The arrangement of claim 12, wherein the computer system is adapted 
20 to obtain spectral electrical impedance tomography recordings and 

electroencephalography recordings, simultaneously. 

14. An arrangement, comprising: 

an electrical stimulator ad^ted to apply a current to at least one pair of 
electrodes, the electrodes being positioned on at least one portion of a subject; 
25 an analog to digital (A/D) converter adapted to measure voltage 

distributions resulting from the applied current; and 
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a computer system adapted to detect an abnomiality or an 
inconsistency within the at least one portion of the subject by generating mternal 
impedance data, the internal impedance data indicating the impedance change withm 
thesubjectwhereintheimpedancechangpisassociatedwithatleastoneof: 

a change in at least one characteristic of a blood vessel withm 

the subject, and 

a presence of a foreign object within the at least one portion of 
the subject. 

15 ThearnmgemoDtofolam.l4.-wh6reintheinipedanoechange 
associated *e Chang, in to le^t on. ctaracUdsttc of to blood ves^l is at 
least one of: 

a change in a fluid flow rate within the at least one portion of 

the subject, and 

a change in a fluid volume within the at least one portion of the 

J 5 subject. 

16. 'nieairangementofclaiml5,whereinthefluidincludesblood. 

17. THe arrangement of claim 15, wherein the at least one portion of the 
foreign object comprises a metal material. 

18 The arrangement of claim 14, wherein the computer system genemtes a 
continuous, real time internal impedance map to detect the abnormality or 
inconsistency within the subjectby genemting. and wherein the impedancemap 
indicates the unpedance change within the subject. 

19 Tlie arrangement of claim 14, wherein the computer system generates a 
plurality of static internal impedance maps to detect the abnormality or inconsistency 

within the subject, and whereinthe impedance maps indicate the impedan^ 
within the subject. 

20 The arrangement of claim 14, wherein the subject is ahumanbeing, 
and whereinthe computer system is further adapted to detect the abnormality or the 
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inconsistency within the human being by generating the internal impedance data over 
a predetermined range of frequencies. 

21. The arrangement of claim 14, wherein the at least one portion of the 
subject is a portion of a brain of the subject 

5 22. The arrangement of claim 14, wherein the at least one portion of the 

subject is a portion of a torso of the subject. 

23. The arrangement of claim 14, wherein the electrical stimulator is a 
function generator. 

24. The arrangement of claim 14, wherein the A/D converter is a thirty- 
10 two channel, twenty-four bit A/D converter. 

25. The arrangement of claim 24, wherein the computer system is adapted 
to obtain spectral electrical impedance tomography recordings and 
electroencephalography recordings, simultaneously. 

26. An arrangement, comprising: 

an electrical stimulator; 
a switch coupled to the electrical stimulator; 

a plurality of electrodes positioned on at least one portion of a subject, 
wherein each of the electrodes is coupled to the switch; 

an analog to digital (A/D) converter coupled to the switch and to each 
of the electrodes; and 

a computer system adapted to detect an abnormality or inconsistency 
within the subject by generating internal impedance data, the intemal impedance data 
indicating an impedance change within the at least one portion of the subject, wherein 
the impedance change is associated with at least one of: 

a change in at least one characteristic of a blood vessel within 
the subject, and 

a presence of a foreign object within the at least one portion of 
the subject 
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27 •n,.«»ngem=rtofclaim26.wl»«infl»tep=danccotage 

least one of: . 

a change in a fluid flow rate wito tl>. l<»st <me pomon of 

^ the subject, and ^^ti,*.- 

achangeinaflmdvolnme«i*infheatlea^on«por«onofth= 

subject. 

28. ThcarrangementofclaimZT.whcrcinfl^fluidincludcsblood. . 

29. m»r»g«n»tofoto>27.whcr»n.tl=.s.apo«iono£*eibrois. 

10 object comprises a metal material. 

30 Thea.rangementofclaim26,wbereinthecomputersystemgeaeratesa 

continuo.s.realtimeinteri^i..pedancemaptoaetect^ 
^.consistency witlnnthesubjectby generating, andwhereml.^ 

indicates the impedance change within the subject. 

tnfcW26 wheran the computer system generates a 
oi The arrangement of claim ^o.wnoi^"* . 
15 & *A«oi,tiftrmalitv or inconsistency 

«itoift«su««*andwtordntheimpedance«vsmd.oateme 

within the subject. 

,2 Thearrang».«.ofoWm26.«herdnaesubj»tisah»manboin^ 

a predetermined range of firequencies. 

33. Theaxrangementofclaim26.whereintheatleastoneportionof^e 

subject is a portion of a brain of the subject. 

34. l^earrangementofclaim26,whereintheatleastoneportionofthe 

subject is a portion of a torso of the subject 
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35. Thearrang«meatofclaim26.whereintheelectricalstimula^^^ 

function generator. 

36. Tl,earrangemeatofclaim26,wherdn1heswitchisathirty.t^^ 

channel matrix switch. 
5 37. Thearrangementofclaim26,wherdntheA/Dconverterisathirty^ 

two channel, twenty-foiir bit MD converter. 

38 marrangementofclaimST.whereinthecomputersystexnisadapted 
to obtain spectral electrical impedance tomography recordings and 
elecnoencephalography recordings, simultaneously. 

39. Thearrangementofclaim26.whereinthecomputersystemfurtheris 

coupled to the electrical stimulator. 

40 . An arrangement for use withhx a magnetic resonance ima^g 
envkonment, comprising: 

an electrical stimulator; 

aswitchcoapl«ltoto=tectrio>lsti«'datorviaafilter, 

. p„^.y of d«W.a« positioned on « leas, ona portion of a sub,^ 

wherein=achof*eel.«io4esiaooupledto«ies«itoh; .,.^„,aeh 
a« a^^og «. digittl (Affi) oonv«« coupled «, the smtch and « eadi 

„,.e — .^^^ « ^ ^.C and . .e A/D convene.. 

,,erein*ee,eo«ioa«appUe.acu.ca..a..eastonepairofthe^^ 

L rt. m converter voltage distribudon and a 

Zm., ftonr the appUed cutrent. wherein the computer syat«n adapted to 
rriaUty or inconslatencv within the suhjee. hy g«.erating inte^ ^ 
1. .he in^mal impedance data indicating an impedance change w*m *e « ^ 
Tportior. of the suhiec. and wherein the impedance change is assocated wt* a. 

least one of: 
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a change in at least one characteristic of a blood vessel within 
the subject, and 

a presence of a fordgn object within Ihe at least one portion of 
the subject 

41 The arrangement of claim 40, wherein the impedance change 
associated withlhechangeinti^e at least onecharacteristicoftiiebloodvesselis at 

a change in a fluid flow rate within the at least one portion of 

the subject, and 

a change in a fluid volume within the at least one portion of the 
subject. 



5 

least one of: 



10 



42. •lhearraagementofclaim41,whereinthefluidincludesblood. 

43. Ttearrangementofclaim41.whereintheatleastoneportionofthe 

foreign object comprises a metal material. 
15 44 Thearrangementofclaim40,wherein1hecomputersystemgeneratesa 

continuous, real time internal in^pedance map to detecttheabnoxmaU^or 
inconsistencywithinti^esubjectby generating, and whereintheimpedancemap 

indicates the impedance change within the subject. 

45 The arrangement of claim 40. wheremthe computer system generates a 
20 plurahtyofstaticintemalimpedancemapstodetect^eabnormahtyori^^^^^^^ 
lithinlsubjec,andwhereintheimpedancemapsindi^^^^ 
within the subject. 

46 Th= ammg«nent of cWm40, whereinthe subject is a human being, 
a predetermined range of frequencies. 
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47 . THe arrangement of claim 40, wherein the at least one portion of the 
subject is a portion of abrain of the subject 

48. The arrangement of claim 40. wherein the at least one portion of the 
subject is aportion of atorso of the subject. 

5 49. Thearrangementofclaim40,wherdntheelectricalstimulatorisa 

function generator. 

50. THe arrangement of claim 40, wherein the switch is a thirty-two 
channel matrix switch. 

51. The arrangementofclaim40,wherein1heA/D converter is athirty- 

10 two channel, twenty-four bit A/D converter. 

52. Thearrangementofclaim51,whereinthecomputersystemisadapted 
to obtain spectral electrical impedance tomography recordings and 
electroencephalography recordings, simultaneously. 

53. marrangementofclaim40.wherdnthecomputersystemiscoupled 

15 to the electrical stimulator. 

54 The arrangement of claim 40. wherein the computer system and the 
electrical stimulator arepositionedexternallyfromamagneticresonanceimagmg 

room, andwherein^e switch, the A/D converter and the electrodes areposmoned 

inside of the magnetic resonance imaging room. 

20 55- An arrangement, comprising: 

&r wlying . corrcot «. at leas, one pair of electrode, that are 
DosMonedonalleastoneportioiiofasobjeot; 

' „«nste measuring voltage distnbutio,.re^«ngfto,n the appUed 

.^syst^n^lapted^, detect an abnonnaUty or inconsistency 
within suyect by generating inten^l in-pedaace data, the internal in^e^^ 
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indicatinganirnpedancechangewitimitheatleastonepor^^^ 

the impedance change is associated with at least one of: 

a change in at least one characteristic of a blood vessel within 

the subject, and 

a presence of a foreign object within the at least one portion of 

the subject 

56 The anangOTontofclata 55, viteKto (he tap«Jaiice change 
.sociated »i<h the cha.«e in ih. « le»l one char«=teristic of tt>e blood vessel is at 



as 

least one of: 



10 



a change in a fluid flow rate within the at least one portion of 

the subject, and 

a change in a fluid volume within the at least one portion of the 
subject. 

57. The arrangement ofclaim 56. wherdn the fluid includes blood. 

15 58. Hve arrangement of claim 56. wherein the at least one portion of the 

foreign object comprises a metal material. 

59 Ibe arrangement of claim 55. wherein the computer system generates a 

continuous, real time internal impedance map to detect the abnormaUty or 
inconsistency wilhin the subject by generating, and wherein the impedance map 

20 indicates the impedance change within the subject. 

60 nie arrangement of claim 55, wherem the computer system generates a 
plurahtyofstaticintemalimpedance maps to detect the abnormaHty or inconsist^^^ 
within the subject, and wherein the impedance maps indicate the impedance ch^^^ 

within the subject. 

61 Theairangementofolaiin55.i»hereinthesobjeeti8.h«manbeing, 

and wherein flie computer system is tefter adapted to detect the abnonnality or ^ 
inconsistency within thehnmanbeingbygeneratingfl^ internal imp«laneedaUover 

a predetermined range of frequencies. 
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62. The arrangement of claim 55, wherein the at least one portion of the 
subject is a portion of a brain of the subject. 

63. The arrangement of claim 55, wherein the at least one portion of the 
subject is a portion of a torso of the subject. 

5 64. The arrangement of claim 55, wherein the means for applying the 

current comprises an electrical stimulator. * 

65. The arrangCTient of claim 64, wherein the electrical stimulator is a 
function generator. 

66. The arrangement of claim 55, wherein the means for measuring the 
10 voltage distributions comprises an A/D converter. 

67. The arrangement of claim 66, wherein the A/D converter is a thirty- 
two channel, twenty-four bit A/D converter. 

68. The arrangement of claim 55, wherein the computer system is adapted 
to obtain spectral electrical impedance tomography recordings and 

1 5 electroencephalography recordings, simultaneously. 

69. An abnormality or inconsistency detection arrangement , comprising: 
an analog to digital converter adapted to obtain spectral electrical 

impedance tomography recordings and current density recordings from a subject, 
simultaneously. 

20 70. The arrangement of claim 69, further comprising: 

a computer system adapted to detect at least one of the abnormality and 
the inconsistency within the subject by generating intemal impedance data based on 
the spectral electrical impedance tomography recordings and the current density 
recordings, the intemal impedance data indicating an impedance change within at 
25 least one portion of the subject; and 

an electrical stimulator adapted to apply a current to at least one pair of 
electrodes positioned on the at least one portion of the subject 
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71 . A method of detecting an abnormality or an inconsistency, comprising 
the steps of: 

generating internal impedance data indicating an impedance change 
within a subject, wherein the unpedance change is associated with at least one of a 
change in at least one characteristic of a blood vessel within the subject and a 
presence of a foreign object within at least one portion of the subject; and 

detecting the abnormality or inconsistency based on the internal 
impedance data. 

72. The method of claim 71 , further comprising the steps of: 

applying a current to at least one pair of the electrodes which are 
positioned on the at least one portion of the subject; and 

measuring voltage distributions resulting from the applied current 

73. The method of claim 71 , wherein the impedance change associated 
with the change in the at least one characteristic of the blood vessel is at least one of: 

1^ a change in a fluid flow rate within tiie at least one portion of 

the subject, and 

a change in a fluid volume within the at least one portion of the 
subject. 

74. The method of claim 73, wherein the fluid includes blood, and wherein 
20 the at least one portion of the foreign object comprises a metal material. 

75. The method of claim 71, wherein the step of generating the intemal 
impedance data comprises the step of generating a continuous, real time intemal 
impedance map indicating an impedance change within the subject. 

76. The method of claim 7 1 , wherein the step of generating the intemal 
^5 impedance data comprises the step of generating a plurality of static intemal 

impedance maps that indicate the impedance change within the subject 
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77 The method of claim 71. whereia the subject is ahuman being, and 
wherein the computer systemis further adapted to detect the abnormaUty or the 

inconsistency within thehumanbemgbygeneratmg the internal imp^^^ 

a predetermined range of frequencies. 
5 78 The method ofclaim 71. wherein the at least one portion of the subject 

is oneof aportionof abrainof the subject and a portion of a torso of the subject. 

79. The method ofclaim 71, further comprising the step of simultaneously 
obtaining spectral electrical impedance tomography recordings and 
electroencephalography recordings from the subject. 
10 80. Amethodofdetectinganabnormalityoraninconsistency.comprising 

the steps of: 

po«ti<«ingaplurality of dectrodeson at least one portion of a s»bj«f, 
applying a oumnt to at least one pair of the electrodes; 
measnring voltage distributions resulting torn the appUed current; and 
detecting 4« abnonnaUty or inconsistency wilMn the subject by 

^g internal in^edance data which indicates an inrpedance change « 
Lleastoneportionoftheanhjecwhereintheinrpedance change ™a.ed™th at 

ach^geinrtl^stonecharacteristicofabloodvesseiwithin 

the subject, and 

a presence of a foreign object within the at least one portion of 
the subject. 

81 THe method of claim 80. wherein the impedance change associated 
wi^tiiechangeintheatleastonecharacteristicofthebloodvesselisatleastoneof: 

25 a change in a fluid flow rate within the at least one portion of 

the subject, and 

a change in a fluid volume within the at least one portion of the 
subject 
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82. The method of claim 80, wherein the internal impedance data is 
generated using a continuous, real time internal impedance map that indicates that an 
impedance change within the subject has occurred. 

83. The method of claim 80, wherein the internal impedance data is 
5 generated using a plurality of static intemal impedance maps that indicate the 

impedance change within the subject. 

84. The method of claim 80, wherein the subject is a human being, and 
wherein the computer system is furth^ adapted to detect the abnormality or the 
inconsistency within the human being by generating the intemal impedance data over 

10 a predetermined range of frequencies. 

85. The metiiod of claim 80, further comprising the step of simultaneously 
obtaining spectral electrical impedance tomography recordings and 
electroencephalography recordings from the subject. 

86. A method of detecting an abnomiality or inconsistency within a 
1 5 magnetic resonance imaging environment, comprising the steps of: 

positioning a plurality of electrodes on at least one portion of a subject; 
applying a current to at least one pair of the electrodes; 
filtering the current before the current is transmitted inside the 
magnetic resonance imaging enviroimient; 
20 measxiring voltage distributions resulting from the appUed current; and 

detecting an abnormaUty within the subject by generating intemal 
impedance data that indicates an impedance change within the at least one portion of 
the subject, wherein the impedance change is associated with at least one of: 

a change in at least one characteristic of a blood vessel within 
25 the subject, and 

a presence of a foreign object within the at least one portion of 
the subject. 

87. The method of claim 86, wherein the impedance change associated 
with the change in the at least one characteristic of the blood vessel is at least one of: 
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a change in a fluid flow rate within the at least one portion of 
the subject, and 

a change in a fluid volume within the at least one portion of the 
subject. 

5 88. Themethodof claim 86, wherein the internal impedance data is 

generated using a continuous, real time internal impedance map that indicates the 
impedance change within the subject. 

89. The method of claim 86, wherein the internal impedance data is 
generated usmg a pluraUty of static internal impedance maps that indicate the 

10 impedance change within the subject. 

90. The method of claim 86, wherein the subject is a human being, and 
wherein the computer system is further adapted to detect the abnormality or the 
inconsistency within the human being by generating the internal impedance data over 
a predetermined range of frequencies. 

^ ^ 91 . A method of detecting an abnormality or inconsistency, comprising tiie 

step of: 

simultaneously obtaining spectral electrical impedance tomography 
recordings and electroencephalography recordings from a subject; and 

detecting the abnormaUty or inconsistency using the simxiltaneously 
20 obtamed spectral electrical impedance tomography recordings and 
electroencephalography recordings. 

92. An arrangement, comprising: 

a computer system adapted to detect an abnoimality or an 
inconsistency within a subject by generating internal impedance data over a 
25 predetermined range of frequencies, the internal impedance data indicating an 
impedance change wifliin at least one portion of the subject. 

93. The arrangement of claim 92, wherein the computer system is further 
adapted to generate data associated with a flow of current through the at least one 
portion of the subject and to modify the data associated with the flow of current 
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through the at least one portion of the subject based on at least one predetermined 
characteristic of the subject. 

94. The arrangement of claim 93, wherein the at least one predetemiined 
characteristic is at least one of an age of the subject, a sex of the subject, and a height 

5 of the subject 

95. The arrangement of claim 93, wherein the impedance change is 
associated with at least one of a change in at least one characteristic of a blood vessel 
within the subject and a presence of a foreign object within the at least one portion of 
the subject 

^® ^ method of detecting an abnormality or an inconsistency, comprising 

the step of generating internal impedance data over a predetermined range of 
frequencies, the internal impedance data indicating an impedance change within at 
least one portion of the subject 

97. The method of claim 96, wherein the step of generating the internal 
15 inapedance data comprises the substeps of: 

generating data associated with a flow of current through the at least 
one portion of the subject; and 

modifying the data associated with the flow of current through the at 
least one portion of the subject based on at least one predetermined characteristic of 
20 the subject 

98. The arrangement of claim 97, wherein the at least one predetamined 
characteristic is at least one of an age of the subject a sex of the subject, and a height 
of the subject 

99. The arrangement of claim 97, wherein the impedance change is 
25 associated with at least one of a change in at least one characteristic of a blood vessel 

within the subject and a presence of a foreign object within the at least one portion of 
the subject. 
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FIG. 3A 
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FIG. 3B 
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